Grossi N1 -3 altered (e.g., taksi) or case-altered forms (e.g., taXi) in a study by Sauseng, Bergmann, and Wimmer (2004) . In a study comparing English orthography with symbols and forms, Bentin et al. (1999) found that the temporo-occipital N170 was larger to words, pseudowords, and nonwords than nonalphabetic (symbols and forms) stimuli in a size judgment task. Furthermore, in a divided visual field study, the temporo-occipital negativity peaking around 200 ms was found to be larger for words than consonant strings (Cohen, et al., 2000) . Therefore, although this research clearly suggests that N1 is the earliest ERP component reflecting word categorization and orthographic/lexical processes, the nature of the precise mechanisms at work, and how these mechanisms influence the N1 amplitude, remains unclear.
The N1 has been found to be larger over the left than the right posterior sites in a variety of studies and tasks including lexical decision (Hauk, Davis, Ford, Pulvermüller, & Marslen-Wilson, 2006; Simon, Petit, Bernard, & Rebaï, 2007) , letter detection (Proverbio, Dal Zotto, & Zani, 2005) , semantic categorization (Kim & Kim, 2006; Kim, Yoon, & Wook, 2004) , one-back repetition , phoneme identification (Proverbio, Vecchi, & Zani, 2004) , orientation judgment (Rossion et al., 2003) , and orthographic, phonological, and semantic judgment tasks (Spironelli & Angrilli, 2007) .
Some of the above-mentioned lexical and frequency effects have also been found to be lateralized. For example, the difference in N1 amplitude between words and symbols described by was observed only over the left posterior sites (see also Brem, et al., 2009 , who employed the same paradigm). Similarly, in Cohen et al. (2000) , the difference in N200 amplitude between words and consonant strings was observed only over left temporal and occipital sites.In the same vein, using MEG, Tarkiainen,   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Grossi N1 -4
Helenius, Hansen, Cornelissen, & Salmelin (1999) showed a more robust activation of temporo-occipital areas with words than symbols.
The nature of this asymmetry has not been clarified yet. Some authors have linked it to the left hemisphere specialization for word recognition processes. For example, Maurer and McCandliss (2007) proposed that reading circuits become left-lateralized by piggybacking on the neural circuits dedicated to phonological and auditory processing already in place in the left hemisphere (phonological mapping hypothesis, McCandliss & Noble, 2003) . According to this hypothesis, the N1 lateralization is related to phonological decoding, or grapheme-to-phoneme conversion, mechanisms (Maurer & McCandliss, 2007) . Other authors have also associated the negative temporo-occipital components elicited by alphabetic stimuli between 140 and 200 ms to specialized left hemisphere circuits for print, such as the visual word form area (e.g., Brem et al., 2006; Cohen et al., 2000) . The few studies on non-alphabetic languages have provided contradicting results. Kim et al. (2004) and Kim and Kim (2006) found a lateralized N1
for English and Korean but not for Chinese characters in Korean speakers. This result would be expected based on the phonological mapping hypotheses (Maurer & McCandliss, 2007) given that Chinese characters are not processed in terms of graphemeto-phoneme correspondences, whereas English and Korean are. However, a recent paper by Maurer and colleagues found a similarly left-lateralized N1 for all three Japanese scripts (Hiragana, Katakana, and Kanji) in native Japanese speakers (Maurer, Zevlin, & McCandliss, 2008) . Kanji is a logographic language, where characters are directly mapped onto meaning and sounds. Because of this result and because the N1 was leftlateralized for Katakana pseudowords, Maurer et al. (2008) suggested that the left   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   Grossi N1 -5 hemisphere specialization, as indexed by N1, reflects familiarity with a language word form. Interestingly, and of significant importance to the present study, the Japanese participants also showed a left-lateralized N1 to familiar English words learned later in life.
N1 asymmetry in children and bilinguals
Recent ERP experiments have shown that the N1 asymmetry is not present in young children. Maurer, Brem, Bucher, & McCandliss (2005) found a left-lateralized N1
for words in adults but not in pre-literate 6;5-year-old children. Spironelli and Angrilli (2009) found a left-lateralized N1 to words in young and middle-age adults, but, on the contrary, the component peaked later and was right-lateralized in 10-year-old children.
Interestingly, the N1 asymmetry correlated with age, level of education, and RT (the older, the more educated, and the faster the participants, the more left-lateralized the N1).
Although it is possible that the correlations between N1 asymmetry and education and N1 asymmetry and RT be explained by age, Spironelli and Angrilli"s data (2009) suggest that the N1 lateralization in monolinguals becomes more robust with age and experience with reading.
The developmental time-course of N1 lateralization raises the interesting question of whether this temporal pattern is also present for individuals who learned a second language late in life. In late bilinguals, not only are the systems involved in spoken language hypothesized to already be in place, but also the system involved in reading.
Does word recognition in the second language (L2) piggyback on the neural circuits supporting word recognition in the first language (L1) systems? Is the degree of N1   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Grossi N1 -6 asymmetry for L1 associated with the degree of N1 asymmetry for L2?
The literature on these issues is sparse. To our knowledge, the first attempt to investigate the effects of L2 learning on changes in N1 amplitude was the study by McCandliss et al. (1997) . The authors engaged participants in learning Keki, a miniature artificial language with some orthographic features of English and some non-English-like orthographic patterns. Participants were tested with no training, after 20 hours, and after 50 hours of training. Improvements in stimulus recognition were observed for stimuli with which participants were familiar (English and Keki words) after 50 hours of lab training, but not for novel Keki words. No changes in N1 (170-230 ms) amplitude were found after 50 hours of practice with the new language; N1 remained larger for English than Keki words (the N1 to Keki words was, in turn, larger than the N1 to consonant strings). In contrast, experience influenced the amplitude of a later posterior component, P200, but only for familiar Keki words and not for Keki stimuli that were unfamiliar.
According to McCandliss et al. (1997) , these data suggest that the P2 modulation and the more efficient recognition of L2 stimuli with training mainly reflected item-specific learning and not the internalization of a new word form system; furthermore, these data suggested that, late in life, the visual system might be incapable of extracting these visual regularities even after prolonged exposure to L2.
Other studies have focused on the comparison between different languages in different groups of bilinguals. As previously mentioned, different patterns of N1 lateralization have been found for different languages within the same participants in late learners (Kim & Kim, 2004; Kim et al., 2006) . In a study employing a sentence   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Grossi N1 -7 congruency task, Proverbio, Čok and Zani (2002) found that early compound 1 ItalianSlovenian bilinguals showed an N1 to the last word that was larger over the left than right posterior sites for Slovenian but not for Italian, who had a bilateral N1. On the contrary, a left-lateralized N1 was present for Italian monolinguals. This pattern suggests that other factors might play a role in N1 asymmetry besides training and familiarity, given that Proverbio et al."s participants were extremely familiar with both languages. In a more recent study, Maurer et al. (2008) found that the N1 to English words was left-lateralized in Japanese speakers familiar with English (L2). These participants started to learn English around 10 years of age and had been living in an English speaking country for almost 10 years. Therefore, they showed the same degree of lateralization for L1 and L2.
These studies (Kim & Kim, 2004; Kim et al., 2006; Maurer et al., 2008; Proverbio et al., 2002) differ on a number of factors: age of acquisition and length of experience with L2, social environment, tasks, and specific languages spoken. It is therefore difficult to draw any conclusions on the lateralization of N1 in bilingual participants. In the present study, early and late English-Welsh bilinguals were tested on the same semantic categorization task. In terms of orthography-to-phonology mapping, Welsh is more a transparent language, whereas English is an opaque language (Ellis & Hooper, 2001) . We anticipated that the comparison between these two languages would provide useful information regarding the nature of the N1 lateralization.
The present study Grossi N1 -8
The data presented here are part of a large study aimed at investigating crosslanguage interactions in early and late bilinguals as indexed by neighborhood density (ND) effects. ND is defined as the number of words that differ from a given word by a single letter (Coltheart, Davelaar, Jonasson, & Besner, 1977) . Here, we focus on N1 lateralization for the two languages. Early Bilinguals learned to read and write in both languages before the age of 5, whereas Late Bilinguals learned Welsh at or after puberty.
Participants were presented with single words and instructed to press a button every time an animal name would appear on the screen. They were presented with four blocks of trials, two for each language, with each block repeated twice. To avoid confounding effects due to the repetition of the stimuli, we present the data from the first blocks only. Grossi N1 -10 participants rated themselves as native-like speakers in both languages. Eleven participants rated themselves as native-like in reading Welsh, and three participants as somewhat proficient. All participants rated themselves as native-like in reading English.
Early participants reported to speak Welsh 47.5% of the time (SD=25.8) and to read
Welsh for recreational reading 28% of the time (SD=26.7).
For Late Bilinguals, the primary language spoken at home until two years of age was English for 13 participants, and Polish for one participant. Elementary education was in English for all participants. English was also the only language of instruction in middle school for 11 participants (three had a predominantly English instruction with some Welsh) and in high school for 12 participants (two had a predominantly English instruction with some Welsh). Participants were then asked to indicate how well they felt they spoke Welsh and English. All participants rated themselves as native-like in English;
nine participants rated themselves as native-like in Welsh, four as somewhat proficient, and one between these two levels. In terms of proficiency in reading, all participants rated themselves as native-like in English; eight participants rated themselves as native-like in Welsh, five as somewhat proficient, and one as low proficient.
Late Bilinguals reported to speak Welsh 30% of the time (SD=22.3) and to read Welsh for recreational reading 22.5% of the time (SD=14.8). These percentages were not significantly different from the Early Bilingual group (all p"s>0.1).
Proficiency in Welsh was also measured objectively with a translation task including all
Welsh words used in the semantic categorization task (n=96). The task was administered at the end of the experimental session before the debriefing. Participants were asked to circle all the familiar Welsh words and, when possible, provide the correct English (Baayen et al., 1995) . Words with at least one occurrence per million were selected and used to calculate the number of orthographic neighbors of words within and across languages. Grossi N1 -12
The four types of target stimuli were matched in terms of length, frequency, and Procedure. After giving written consent and filling out the handedness and biographical questionnaires, participants were asked to perform a semantic categorization task on two Welsh and two English blocks of trials whose order of presentation was counterbalanced across participants (the Welsh and English blocks were presented twice). All participants were tested in a sound-attenuating booth. Participants were seated 100 cm directly in front of a 19-inch monitor on which stimuli were presented. The sequence of events was the following: a fixation point appeared at the center of the screen and served as a warning signal that the new trial is about to begin; after a random and variable interval   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Grossi N1 -13 between 500 and 700 ms, words were presented for 1000 ms and followed by 1000 ms of blank screen. Each trial ended with a screen indicating that participants could blink. The session was self-paced, that is, participants controlled when the next trial would begin by pressing a button on a response box. The stimuli were presented in Courier font; the longest stimulus (5-letter string) subtended four degrees of visual angle in length and two degrees of visual angle in height.
Participants were instructed to press a button every time an animal name would appear on the screen. Both speed and accuracy were stressed. Response hand was counterbalanced across participants. Two practice lists, one for each language, were created, each including ten words (two animal names). Each participant saw only one practice block, whose language was that of the first experimental block. None of the words in the practice list were included in the experimental list.
Participants were then asked to perform the translation task. Finally, they were fully debriefed, compensated, and thanked for their participation. The entire experimental session lasted between two and three hours.
ERP recording. Electrophysiological data were recorded in reference to Cz at a rate of 1 kHz from 64 Ag/AgCl electrodes placed according to the extended 10-20 convention (Neuroscan system). Impedances were kept below 7 kΩ. EEG activity was filtered online band pass between 0. Epochs ranged from −500 to 1000 ms after the onset of the critical word. Baseline correction was performed in reference to pre-stimulus activity. Individual averages were re-referenced to the global average reference offline. Behavioral data were collected simultaneously to ERP data.
Statistical analyses.
Based on visual inspection of data across single subjects, the N1 was identified as the first visible negative peak with a latency between 120-170 ms, and was preceded by a P1, identified as the first positive peak with a latency between 60-120 ms.
These values were confirmed by the analysis of the mean global field power measured across the scalp, which summarizes the contribution of all electrodes in the form of a single vector norm (Picton et al., 2000) . Only the analyses concerning the N1 will be described here.
Group (Early Bilinguals, Late Bilinguals) was a between subject variable; Language (English, Welsh), and CLND (high, low) were repeated measure variables. N1 analyses were run on the electrodes where N1 amplitude was largest: P7/8, PO7/8, and PO9/10. In 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Grossi N1 -15 order to describe the N1 scalp distribution more precisely, the following repeated measures variables were also used: Hemisphere (left, right) and Electrode (P7/8, PO7/8, PO9/10). The dependent variables were peak mean amplitude and peak latency. ERPs elicited by words that were rated as unfamiliar by the participants were not included in the analyses 2 .
N1 asymmetry was defined as the difference in N1 amplitude between the left sites and the right sites. Therefore, a left-lateralized N1 was associated with negative values. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Grossi N1 -16 
Results

Behavioral Data
INSERT TABLE 4 HERE
ERP data
Mean grand-average ERPs over parieto-occipital, parietal, central, and fronto-central sites is shown in Figure 1 for both groups and both languages. N1 peaked around 150 ms and was maximal over the inferior parieto-occipital sites (PO7/8, PO9/10, P7/8 =7.26, p=0.002) . Furthermore, the interaction between Hemisphere and Response Hand was not significant (p=0.56). These effects suggest that, while response-related preparation or inhibition processes affected the N1 amplitude, the effect was similar for both groups of bilinguals and did not alter the lateralization pattern of the N1. Therefore, the older the participants, the longer their experience with Welsh, the higher their accuracy in both the translation and the categorization task, the lower the number of unfamiliar words in the translation task, and the longer their RT (in this case, only a trend was present).
Age did not correlate with N1 asymmetry for Welsh (p=0.12) or English (p=0.4).
Interestingly, N1 asymmetry was negatively correlated with Years of Welsh (r(14)=-0.63, p=0.02): the longer the experience with Welsh, the larger the N1 asymmetry (Figure 4) .
A trend for significance remained after correcting for age (r(11)=-0.5, p=0.08.
INSERT FIGURE 4 HERE
Significant or marginally significant correlations was also observed between N1 asymmetry for Welsh and Translation Accuracy (r(14)=-0.48, p=0.08), Accuracy in Figure 5b ).
Discussion
In both groups, words from both languages elicited a posterior N1. The negative component peaked around 150 ms and had an inferior parieto-occipital distribution as described in previous studies. Furthermore, the N1 was left-lateralized in both groups for both languages, confirming previous studies on N1 asymmetry for print (e.g., Hauk et al., 2006; Proverbio et al., 2004; Rossion et al., 2003; Simon et al., 2007; Spironelli & Angrilli, 2007 ). The fact that this asymmetry was found for Welsh in both Early   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Grossi N1 -20
and Late Bilinguals suggests that the engagement of the left hemisphere circuits involved in word recognition can be established regardless of when one learns to read in a second language.
In Late Bilinguals, almost all the behavioral measures in Welsh correlated with age: the older the participants, the more accurate their performance in both the categorization and the translation task. N1 asymmetry correlated with both Accuracy in the categorization task and Years of Experience with Welsh: the more accurate the participants were in the categorization task, and the more experienced with Welsh, the more the N1 was left-lateralized. Importantly, the correlation between N1 asymmetry and
Years of Experience showed a trend for significance when age was partialled out. A similar result was recently observed by Spironelli and Angrilli (2009) , who showed that the N1 asymmetry in monolinguals becomes more robust with age and reading experience. Studies with children have also shown that the N1 is not lateralized in young readers Spironelli & Angrilli, 2009) ; furthermore, recent studies with adults suggest that familiarity with a new script is associated with a right-lateralized N1 (e.g., Maurer, Blau, Yoncheva, & McCandliss, in press ). These results suggest that N1 lateralization over the left posterior sites, purportedly reflecting the recruitment of the posterior left hemisphere circuits during reading, is a process that slowly develops with experience and perceptual expertise for words, in both monolinguals and bilinguals.
Given that the correlation between N1 asymmetry and measures of performance observed by Spironelli & Angrilli (2009) might have been explained by age, our study is the first, to our knowledge, to suggest a correlation between an increase in N1 asymmetry and experience with a language (L2, in this case). This result will need to be confirmed by 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Grossi N1 -21 future studies employing a larger sample size.
Changes in lateralization with experience with a language have also been observed for other ERP components. For example, in a visual rhyming task with readers spanning from 8 to 23 years of age, the Contingent Negative Variation (CNV) elicited by primes before the presentation of the targets was found to become increasingly and linearly larger over the left frontal sites until 19-20 years of age (Grossi, Coch, CoffeyCorina, Holcomb, & Neville, 2001) . Interestingly, the CNV asymmetry correlated with the participants" reading and spelling scores: the higher the scores, the more leftlateralized the CNV. This correlation remained significant even after age was partialled out. Grossi et al. (2001) hypothesized that the CNV reflected the allocation of resources to specific anterior neural circuits in preparation for target presentation and visual rhyming, which requires post-lexical decoding skills. Both the CNV pattern in Grossi et al. (2001) and the N1 pattern in the present study reveal a dynamic and experience-driven pattern of organization for areas involved in reading.
Unlike Spironelli & Angrilli (2009), we did not find significant correlations between N1 asymmetry and age, not even when the data from the two groups were collapsed (Welsh, p=.13; English, p=.23) . Similarly, in Spironelli & Angrilli (2009) , the N1 lateralization was stable in young and moderately aged participants. Therefore, if we exclude shifts in lateralization driven by experience with a second language, as the ones described in the present study, it appears that the most dramatic changes in N1 asymmetry take place between childhood and adulthood.
Interestingly, we also found a strong correlation between N1 asymmetry for Welsh and N1 asymmetry for English in Late Bilinguals. On the basis of this finding 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Grossi N1 -22 alone, the correlation could indicate that the pattern of N1 lateralization for the second language simply depends on the pattern of N1 lateralization for the first language. In this view, learning a second language late in life may involve the integration of the second language into already organized circuits for word recognition. Yet, alongside our finding of a correlation between N1 asymmetry and years of language experience, it may be that learning a second language late in life might not simply entail recruiting the areas already in place for the first language, but also shape the organization of these areas, even in terms of the relative contribution of the two hemispheres (i.e., lateralization).
Longitudinal studies would be useful in determining if this is the case. Individuals who start learning a second language could be tested on both the first and second language at different intervals during the training. By employing such a design, the initial pattern of lateralization for the two languages could be established and subsequent shifts in lateralization could be recorded, along with progress on behavioral measures.
The degrees of N1 asymmetry for the two languages were highly positively correlated in Early Bilinguals as well. The N1 was also left-lateralized for both languages. These participants received an education involving a combination of both languages. All rated themselves as being native-like Welsh speakers and 11 out of 14 rated themselves as native-like as Welsh readers. Therefore, these results stand in contrast with Proverbio et al. (2002) , where a bilateral N1 was observed for Italian and a leftlateralized N1 for Slovenian in a group of compound bilinguals. It is important to note that, in previous studies, languages were exclusively compared in terms of hemisphere effects in ANOVA designs. We provided evidence for a robust linear relationship between the N1 lateralization in one language and N1 lateralization for the second 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Grossi N1 -23 languages. Clearly, different degrees of N1 asymmetry for the two languages do not necessarily exclude a relationship between them. Therefore, Late and Early Bilinguals showed similar and related patterns of N1 lateralization for the two languages despite dramatic differences in the modality and age of acquisition of the two languages. The meaning of such similarity remains unclear. Future research should investigate whether the correlations in the two groups reflect similar or different mechanisms depending on the age of acquisition of the second language. cross-language ND, Midgley et al., 2008) , an effect that has been explained in terms of a more robust lexical activation due to the larger number of neighbors (Holcomb et al., 2002; Midgley et al., 2008) . Here, the effect is reversed and is earlier than the effects observed by Midgley and colleagues. Furthermore, if the effect were solely due to CLND, it would be expected to be present for English words as well, assuming that the number of Welsh neighbors increases with experience. Therefore, the N1 CLND effect might reflect a different mechanism. Given that high and low CLND Welsh words also differed in terms of bigram frequency according to English norms (that is, low CLND Welsh words were formed by bigrams that were less frequent in English than those forming high CLND Welsh words; see Table 3 ), this effect might reflect the lower familiarity of Late Bilinguals with certain letter combinations of Welsh. From an orthographic perspective, Welsh low CLND might have "looked" less familiar than   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Grossi N1 -24
Welsh high CLND words, and therefore more nonword-like, at least based on the more familiar English orthography. Based on this interpretation, the effect would be expected to be smaller in Late Bilinguals with many years of experience with Welsh compared to less experienced bilinguals. An independent sample t test carried out on Late Bilinguals based on a median split (median=12 years of experience) revealed that subjects with more experience in Welsh had a smaller CLND effect in the N1 time window (M -0.56, SD 1) than participants with fewer years of experience (M -1.38, SD 1.33), but the effect failed to reach statistical significance (p=0.2). However, size effects analyses revealed a
Cohen"s d of 0.7, suggesting that the size of the CLND effect in Late Bilinguals varied with years of experience with Welsh (medium-to-large effect).
More power is needed to clarify the nature of the CLND effect in the N1 time window. At any rate, the presence of this effect over the left posterior sites confirms conclusions from previous studies on the modulation and lateralization of N1 in reading.
As mentioned in the Introduction, several studies have found differences in N1 amplitude between words and letter strings containing illegal combinations of letters (e.g., Cohen, et al., 2000; Compton et al., 1991; McCandliss et al., 1997; Sauseng et al., 2004) . Hauk et al. (2006) also found an effect of orthographic typicality (measured as positional bigram and trigram frequency) on the N1 amplitude. These orthographic effects are usually lateralized to the left hemisphere. It is noteworthy that the N1 effect observed in the present study is not a general typicality effect, given that that high and low CLND words within each language were matched by bigram frequency. Furthermore, the effect was absent for English stimuli in Late Bilinguals and was absent in both languages in early
Bilinguals. This pattern might suggest that orthographic features are processed by distinct 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Grossi N1 -25 networks for the two languages in early bilinguals, whereas in late bilinguals orthographic processing might still be driven by mechanisms set on values of letter combinations more frequent in the first language, at least in less proficient bilinguals. In this view, the larger N1 to low than high CLND Welsh words in Late Bilinguals might be interpreted as an incongruency effect.
The present data also suggest that the N1 lateralization is not related to graphemeto-phoneme conversion mechanisms (as proposed by Maurer and McCandliss, 2007) . The same pattern of lateralization was found for two languages with different orthography-tophonology mapping (opaque for English and transparent for Welsh). A similar conclusion was reached by Maurer et al. (2008) in their study on Japanese scripts. Therefore, the lateralization of N1 seems to be explained more in terms of familiarity with the words of a language than with the degree of transparency of its orthography. However, the nature of this familiarity remains unclear. We did not include pseudowords in our study; therefore, we cannot disentangle the effects due to the familiarity with the words of a language and the familiarity with the orthography for the language. For example, Proverbio et al. (2005) found a similar left-lateralized N1 to Greek stimuli in both native Greek and naive Italian speakers, a pattern that could be explained in terms of visual similarities between letters in the Roman alphabet and letters in the Greek alphabet (Maurer et al., 2008) . Left-lateralized familiarity letter effects in the 120-250-ms time window have also been found in both monolinguals and bilinguals by Wong, Gauthier, Woroch, Debuse, and Curran (2005) .
The present work has several limitations that should be overcome in future studies. First, given that linguistic experiences tend to be extremely heterogeneous in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Grossi N1 -26 both early and late bilinguals, sample size should be increased. Welsh is a "minority" language and its use varies geographically and contextually (Lyon, 1996) . People born in
Wales from at least one Welsh-speaking parent have Welsh as their first language, but the rate at which they use their native language varies considerably depending on a series of factors including parental support and the district"s educational policies (Lyon, 1996) . Furthermore, not all words in one language have a clear correspondent translation in the other language (Oller, 2005) . Finally, future studies should include a wider range of words. The major purpose of our study was to investigate cross-language interactions in bilinguals by manipulating cross-language neighborhood density; as neighborhood density is inversely proportional to word length (e.g., Hauk et al., 2006) , only short words   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Grossi N1 -27 were selected to guarantee two balanced sets of stimuli with an appropriate number of high and low CLND words.
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